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A FLOATING POINT PROCZSSOR FCR INTEL 3CI04

MICRQ PROCESSOR SYSTZMS

R. Bairstow, J. Barlecw, M. Jires , M. Waters

Summarv

P

An A.M.D. 9511 Floating Point Brocesser(!) has been interfaced to the

s ; .. . ' : . (2) 7
Rutherford Laboratory Bubble Chamber Group's micro computers . Theze
computers are based on the INTEL 2080A micro processor. The ianterface uses
a memory wmapped I/0 technique to ensure rapid transfer of zrguments between
processors. The A.M.D. 9511 acts as a slave processor <o the INTEL 30E0a

system. The 8080 processor is held in 'WAIT' status until completion of the

A.M.D, operation.

A softwara Macro Processor has been written to effectivelwv extend the btasic
INTEL 8080A instruction set to include che full range of A.M.D. 9511

instructicns. \ -

-~

Visitor frcm the Faculty of Mathematics and Fhysics, Charles University,

PRAGUE.
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INTRODUCTION

At the present time, the largest sector of the micro computer market 1is
that covered by the 8 bit micro~processcrs of which INTEL 808CA/8085/8C48,
MOTOROLA 6800 and FAIRCHILD F8 are well known examples. Thesa micro-
processors nave found wide acceptance for many control and data handling
tasks and indeed provide highly satisfactory solutions to many problems.
They are particularly suited to many ccmmunication problems that are § bit
orientated. However, their 8 bit architecture is somewhat of a limitin
factor in applications involving numerical ceomputation. Such computaticms
requiring cnly single (16 bit) or perhaps even double (32 bit) precision
integer or fixed point arithmetic can be handled without too much difficulty
by software methods. These methods are slow to execute. More complex
calculations, particularly those usually encountered in a scientific
environment require the use cof floating point arithmetic with 32 bit wide
words. This can also be implemented via software but is very slow and
inefficient., It is far preferable to provide such facilities via special

high speed hardware.

This hardware now exists in the form of a single L.S5.I. component; the

AM 9511 produced by ADVANCED MICRO DEVICES(I). This device provides the
basic arithmetic operations of Add, Subtract, Multiply and Divide in Fixed
Point single and double precisiom (16/32 bit) and Floating Point single
precision (32 bit) formats. It also provides a set of derived functions

based on 32 bit floating point format, namely:-

&) Trigonometric and inverse trigonomentric functions.
(i1) Square roots.
(iii) Logarithms (common, naturel).
(iv)  Exponentiation (e™, y™).
(Q) Conversions from fixed point to floating point and vice versa.

(vi) Data Manipulation Iastructioms.

It has a general purpose bi-directional 8 bit data bus allowing simple

interfacing to 8 bit micro-processor svstems.

The overall system architecture of a micro-computer employing this device
can be considered as that of a distributed system using two asynchronous
CPU's operating in parallel. One CPU handles the basic 8 bit orientated
problems such as computer/memory organisation, communication (I/0) etc.,

whilst the other is dedicated to handling the arithmetic operatioms.




This architecture makes very efficient usage cf the basic ccmponent

rescurces. In many micro-computer applications, 32 bir floating point
operaticns are required relatively infrequently. It is therefore

uneconomic to have to provide full 16/32 bSit architecture with its
associated wide address and data paths; far better to use an eccncmical

3 bit architecture with a special purpose processor to handle the arithmetic

requirements.

The speed with which the arithmetic operations are executed in a duzl

processor system is limited by:-

(1) The basic speed of the arithmetic processor.

(ii) The number and spead with which the basic arguments can be passed to

the arithmetic processor.

The AM 9511 is currently avzilable with a choice of twe basic clock speeds,
2 and 4 M,#z. The execution time for a floating point multiply cperation
with the 4 M,Hz. device is quoted as )’ 40 usecs. The speed with which
arguments can be passed to the device depends upon the basic speed of the
host micro-processor, its memory cvcle time and the level of sophistication
of its interface to the arithmetic proccessor. With the AM 9511, the
arguments must te transferred in a byte-serial manner. As an example, a

32 bit floating point operation with two input and one output argumencs
requires the transfer of at least 9 bytes to the device and % bytes from
the device, With an INTEL 85080A based host using a 2 M.Hz. clock and
conventional programmed I/0, these transfer times are of the order 170 us=scs.
The transfer time is small compared to the time taken by cthe AM 9511 to
evaluate a trigonometric function, (v 2 msec) but long compared to the time
taken to perform a single precisicn floating point add cperation (28 -

175 usec).

The full instructicn se: of the AM 9511 comprises 41 instructioms, 32 of
which operate on full 32 bit word length variables. This instruction set

together with executicn times in terms of basic clock cvecles can be found

in Reference 1.




2. INTERFACING THE AM 9511 TO AN INTEL 80804A STSTEM

2.1 The Hardware Interface

The simplest way to interface the AM 5511 device to an 8080 svstam

is to treat the device as a peripheral I/0 component. Conventional

programmed I/0 can then be used t2 output arguments, a byte at a time,
: to the AM 9511. These arguments are input by the AM 9511 and stored

on its internal stack. This stack can be either 16 bits wide and

8 levels deep or 32 bits wide and 4 levels deep. Its organisacion

is illustrated in Figure 1. The entry of each new byte to the stack

causes the stack to shift, the previously entered byte being pushed

down &nd the new byte remaining on tep of the stack., Single

precision integer (16 bit) arguments require two entries to the stack.

Double precision iInteger or real (32 bit) arguments require four

entries to the stack. .

A command instruction is output to the AM 9511 to initiate the required |
cperation., The AM 9511 has a 'PAUSE' output line which it uses as z ;
busy indicator., This can be used to hold the 38080 CPU in a 'WAIT'

state until the AM 9511 is ready with the rzsult of its operation. This
result is available on the top of the stack and ca2n be read by the 3020

system by a series of normal I/0 read instructions. Special ccmmands

enable the stack to be manipulated independently of any arithmetic
operation. Memory mapped I/0 techniques can be used rather than
conventicnal I/0., With memory mapping, the AM 9511 interface can de

considered as analogous to a slow memory.

This simple interface is 2asy to implement at the hardware level but
has the disadvantage that the host CPU is inactive fcr the duraticn of
the required aperation. This could be for a time of the order of

milli-seconds for some operations. For some time-critical environmeats,

R -

this dead time may be unacceptable. In such cases it i35 better to

ignore the 'PAUSE' line and to use an alternative signal (END) issued

by the AM 9511 device on completion of its operation as an interrupt

to the host CPU. The interfacing is slightly dore complicated, requiriag

the use of an interrupt controller, but has the advantage that the host
2 CPU can service other tasks whilst the AM 9511 device is busvy., Therz

is a slight penalty in effective eixtecuticn time with this method due to

g the overheads of context switching on receipt of the interrupt.
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only 2 very slight decrzase in zransier tize Isr the arzuments ind
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unlass care 15 zaken czn actually worsen zhe transfer zime. This

is due to tne cverheads in DMA systems of the need to tass the addrass
and number of bytas Icr :Tansier o the ZMA coacrollar. Wherz cnlv a
smzll number of bviaes nave to te zransferrad, =his overhead czn te
signifizanc. The method can de useful in sizuations where aanv
intermediata vTesults have 20 te st .ed and a very aigh speed duflfer cr

cache memory is used.

Figure 2 shows a tlock diagram of a simple prograrmed or emcry amarped

/0 imtarsace.

The Scftware Interface

Toe functicn. of the software incerface is to isolaca the ;rograrmer
from the hardware. 1II cught not =0 be necessary for the programmer

to have to know details of either aM 9511 device or hardware intezZace.
The software interface can be provided by an axtensica of the host
micro-ccmpucrer instruction set iz the form of addicienal macoo
iastructicns. Assemblers runniag en local micro-ceompucer devaicpment
systems can be modified to provide che necessar? macro instruczion
translation. However, a more powerful and flexibia approach is to use
a3 Macro Processor written in a high level language arnd Tunaing as a
czgss product on & large host computer. This Macro Processor can run
as a pra-step to a conventional cross assembler or can produce an

output £ile of standard micro~computar instructions for use with lecal

£
assexblers. Tie Macro Prccessor should be rodifiable to handla
differsnt host micro-computers and diZfersnt hardvars izterfacingz

tachnicues.




. THZ MO511 MACRC LANGUAGT

3.1 Rasic Definiticns and Comments

The svatax of all data sets and hardware files is Jescridbed asccarilin
(3

vl

o 3NF {(Backus Normal Forz) »roducticn rules ), Tha hariwar:

1t

rapresentarions of all datz sets /<M ¢511 data set>) ars czlled

Ziles.

Survev of all data sets (Software):

<M 9511 data set> ::= <mainstream data set>/<prizt daca set>

<gainstrean data ser> ::= <ipput data ser>/<cutpur data sers>

<input data set> ::= <input data sact><input legical racerd>/
<input.logical record>

<ourput data set >::= <output data set><output logical reccrd>/

<autput logical racord>

<print f£ile> ::= <file>

A
th
H
—
®

v

= <yrcw of closed physical records> <EQF>

"

<ZOF> means "end of Ziie" c¢r equivalent

<rcw of closed jhysical ra2cords> ::= <row of clicsed pavsical recoris>
<closed physical recors>

<closed pnvsical record>

<closed physical record> ::= <physical record> <IRG>

"

<IRG> aeans 'iater-reccrd gap"” or equivalant (new lize, new card)

o O

Each <physical record> is a hardwarz representaticn of exactlwy cne

<input lcgical record> or <output logical record>

The input file consists of card images. The input tex:t z2cutains

o

3080 instructions, macroinstructions and ceomments. all input carcs

Fi

T

O

" are printed on the priater (print file) together with error

warning messages and description of the centent and status of the

M 9511 stack. The output f£ilae can be realised cn any =ediim that can
hold sequential data sets and consists of 3080 assembler instructions

in card image fcrmat (fig. 3).
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The Mainstream Jata se: ;

4
The 3080 assembler iInstruczicons differ Ircm ne instructicons of the i ?
AM 9511 {written in macrc language M 9311) by che name of :the L#

inscruction {(mnemonics; and bv the definiticn of the parameter

subfields.

The zeneral pattera of the statement of both kinds of imstrucctians
=

is as “ollows:-

{u}<parameter field> [ﬂa;<comment%
~ » . o
{wr<instruccion>
é3;<comment> J
E&;<comment>
L

{<sequence no™j
WU LU LW U

{ui<parameter field> [EJ;<commentﬂ
{ui<inscruction> .

1<
EJ;<comment> EJ’ comment

| S

means a or b or nothing

meins a or o

@J means nothing or one (or more) blank
{} means one {or more) blank
<a> means "a"

Thae Input data set

3.3.1 Description cf the strucrture

The input data set consists of 8080 assembler language instruczioms,

8080 assembler language macro instructions (if any), M 9511 macro

instructions and commencs (if anv).

The M 9511 Macro instructions 4o not differ syntacticslly from

normal 80B0OA instructions. The only difference lies in the name of

the instruction operation and in the meaning of the parameters. Names

that are defined for -he M 9511 Macro instruction set must be reserved

exclusively for this set and cannot be duplicated for normal 808CA

nacras,
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3.3.2 M 9511 Svntax definition:

cord 3080> <lcgical racord

e
<logical record 38080>::= <3tatement 80820><sequence aumb

¥

<logical record M>::= <statement M><sequence number fisid

<s
<sequence number field>d::= <tlankety><sequence number>
“seq. of “Hlanks>

<seq. of blanks>::= <seq. of blanks><blank> <blank>
<sequence number>::= <sequence number><digit>'<digziz>
<digit>::= 0j1i2]/314]506]7!8:9
<blank>::= o

<blanketv>::= <seq. of b

-
»
ja]
Fot
)
v
A
w
3
‘g
1
\,:
v

<empty>:i:=

<statement 3080> See appendix I

The definiticn cof M 9511 nacrclanguage now “olicws:-

7~ . . . P - . .
<statement M>‘<::= <instruction field>s<label>:<«instruction

v

<label>::= <label><letter>/<label><digit>! <letrer

Only the first five characters in the lakel av2 significant.

HITL2 K LN 0[] QRIS TV 2 Y

<letter>::~ A:B{Cfbe?FfG
-+

<instruction>s::= ~“instructicn><letter>i<ietters

<general paramecer field>:: <seq. of biankr><parameter Zield><ccmman

rf
[N

eld>!<ccmment field>

“comment Zield>::= <seq. of blanks>!<blankety>;<ccrment>
3
1<parameter field>::= <parameter>]<parame:er subfield><paranes:

- - - 1
<parameta2r subfield>::= <parameter>! <empti>

<parsmeter>::= <shift> <register pair>i<variable>

13
a}
(XN
it
(19
Vs
£}
v

<tastruction field>::= <seq. of blanks><instruction><general parzmetar

)
ey

.

o

~

Y

A e i Xiu v

PR Y

e

(8}

jae
[

2r




<cpmment>::= -<any char> <iczmencr<any char»

<anw char>::= <digiz>'<laccar> <3pec tlar> <bliank>

A restricticn 1s that the single letrters 5, 3, D, I camnot e

used as labels sincs these are defined as register pairs znd snil<s.

%.3.: Comment on 3NF praduction rules:

The langth of the charactar strizngs produced oy sreduction

vules or -he aumber of recursive reretictions is described

e wae

by these riles:

M . .. : . - - S et ——
< > means the minimal ¥ and zaximsl M length ol the siriag
o

< > -qeaps that the langth L 5f the strizg i1s 3andarory

< > gqeans the minimal zumber ¥ and maximal ~umber M of

recursive repetitions of zhe production rule




R W T N

o)

302, 3511 Semantics:

: - chad jasn et seauanctasy 17 %
All M 3311 macros inszructions are expanded inrc tha sequanias

assembler instouccticns in crder z: provide the raguired sceraziocns,

3 : * zembal Y3 33 followa:ie
The meaning cof scre syntactical svmbols Is as Zollow
<label> nmeans label

3 - ~Ea A 7 creceion -;:-_ == AM ;5
<instructicr> corresponds to & specifis iastructic A
instructicn set

. 3 — e - - 43 --,,‘,’cr
<parajmeter> represents a Jiract Address or Izdirec: Address and,
an AM 9511 Stack Operaticn
a} Instructions
smo o freclons
4 full description of M 3511 Macro Instructions is orovided iz
Appendixz II.' To a large extent the same memcnics

in Reference 1 are Tepeatad in the Macro Instrucrion sat. . The

w

following list of inscructions however diffar:-

M 3511 A 3511 (Original Zat)
i)

NCPS

NCPD R{0)3

NCPT

DSTM

istinguish it from she INTT

The NOPM instruction {5 so named 3s o di =L
)4

8080 iastruation NOP. The ramaiaing NO

4

read/write parametars intc/out of the AN 9511 Stack wizhout performing

any operaticn. The DSTYM instruction is used to Tead the AM $311 deviea
status information (see Ref, 1). This instructica afiacts the 5080

o

conditicon bHirs aczordingly,
Parameters
~=-fneters

8t will be described later, the :

Aparet from the S larametar rtha
of a

r
dTameter in the parameter iise iaplies che reading/wrisizg of

v

et agp——
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!
informacion ¢ the A0 3311 stack The aumber I twztas read,wriizan 5
22 zhe srack dapands upen Ihe lastrucsion isee Apvendix 1. The L
first cwo paramecters refer ©o cthe sending of iafcrmazion zo the stacs

and the third paramezar refars to readiag iaformaticn from the szack.

The parametars can be specified iz Isur diZfaevent wavs:-—

<empty> " means chat che darasmetar 15 2ot used and anvy
Speration ralievans to this paramer2r {5 ac:o
perZcroed.
2. «<variable> zeans the 'direcz address' of the value tha: i3 [

to> be sent/read from the top of the sctack.

3. <register pair> aeans the register pair containiag the addrass
of the value that is £o Se sent/read frcocm the

tcop of the 3tack.

4. <shifc> "The neaning depends upon che scsizica ia the

parametar list.

a) Tor the first zwo positioms, zhe st
shif+ad down, the TOS (tfop zf sztack) Seing

ccpiled te the W08 {next to =zop of stack:.

The bottom of zhe stack is losc.

») For zhe third posizicn, the stack 1s shilzad

up in circular aarmer (i.e. rotazad).

70T both cases a) and D, zhe numder of 3hifzs s

[v3)
n
(17
[
e}

'9d
[
13
n
X3
W
X
(X}

detzrmized by the iascruczicn

The Output File

3.4,1 Description of Structure

The structura of the <ourput data set> is the same 3s that for <ha
<input data se:> except chat each <logical record M frzm tae <inpur

daca set> is axpanded by the M 9511 Macro processor iaco <logical recard

‘M expanded> of the <cutput data set>. This <logical recsrd M expandecs

consists of Intal 3C80 assembler instructions onlv.
The criginal <lcgical record M> is added as 2 ccmment So zhe <ouszut
iata set> defore the expansion Is perZcrmed. 4 commenc containing

5lanks is added r> zhe end of thea <curput data ses> afszar =ne 2mpansion

The 2xpansion is described ia Appendix III




3.5.2 Swazax of 4 8501 Zxoansica

L

<cutpur logical raccri>ii= <lcgical racerd 3C8C> <lcgical raeced M ‘
p

2xpanded: .
2
<logical racord M expanded>::= <ccomment nead .ogicdl Tacord> L.
(

- - e 4
<vow of lcgi:zal reccrds SCE0> ?1
:
<ccoment =ail logical raccrgs i

o A

tow 2f logical reccrds 3C80» ::= <row of lecgical raccrds 3C3Cs 4
z ] . 4
<legical record 3G8G> ’
. . P ]
<iogical record 8080> "
s
<zomment nead Logical raccori>:iim <zorrent head><sequence numker Iialdy

<ccmment tail laogical racerd>::= <somment tallr<sequenc2 nunmper Iilali>

<
<comment head> :® jUu.<statement M > (j
<statement M >is rhe trimcatad s<gratament > frocm ke TIizht %3 che 2cth
characzer. F
72 :
<gcmment tiil> ::® ; <seq. <I blanks>
3.2 The Priat File
3.3.1 Descripticn c¢f Scruczura
The <priat data set> czomsists cf a ilistiag of each imstructica Irom

Tucticns, the coafents oI

w
-4
s
3
1]
0
1
o
v
3

the <input dsca set>. Tor M ¢
the AM 9511 stack are simulated and printed Zcr 2ach step iz =h
instructions execution. Varniagz and errcr Tessages are idded as

necessary. Zach instruccion in the liszing 15 nuzTbered.

The priat file is usually zriated on “ha systam prizzar. The recoris
iz the £ile are grouved izto numbered jages. i

a) The Syntax

<print dat- :>::= <file heading><arint data se:z M><Iile ending>
<priat dz M>::w <print data set M><priated page> <orintec page”

<priatad . ~ew nage action><page neading><crizzed page >

55 ‘ !
1 <printed pu,. ¥ i:= <printed page M><grinted iline» <prinzes lline>

<printed line>i§3 <new line actioa><princ e

<print record> ii1= <priac record><any char> <any nat

v wpaNY
2]
[9]
(A}
.
v
e ——

[ X2Y
(8]
P
(17
113
73
n
(%]
[
ot
w

' The <file heading> cousists ¢ a ¢

f
) 3) The Semantic r




-l A=
The <Zilz ending> i1s a summary oI zcwzls Zor numbers I lmpusl ]
sutput, orint reccrds and varisys arrcor messages and warzings ,
i
The <page heading> 15 2 page number o
3 The <new page action> and <new line action> are appropriacte :zczions E
}
taken by hardware co display new page or new line. !
The <print record> comsists of five <vpzs of messages:
1 ]
I'. All inputr logical records arz iisced step bv sced, 2lwavs

precseded by the print reccrd aumber

-
an

r{

or messages see 3.3.2

L 4
ny

-
ER N

w
.
14
3]

Tcr Warnings see 3.5.2
4. Afcer each M 9511 Macro Iascructiocn, the status ¢f zhe AM 3511

iacer=al stack is described (four lines) togecher with warnings

conceraing any meaningless informaticn on the stack. (This j
check 1s only Zormal) see 3.3.3.

5. Blank lines

3.5.2 Error and Warzings

There are 135 pcssible errcor/warning nessages. Irror Zessages are

issued wherever an errer occcurs during card ianput and swvntax checkiag

(label and paramecrzr fields).

e

warning messages are concerned mainly with possibla inconsisctencies

in the state of the AM 9511 intermal stack.

Checks and appropriate error messages are also issued conceraing
error conditions arising tarough 2ossible but hopefully very rars
ervors in the tasic programme logic.

The number of errcr/waraing ccaditions arising during the macro-
procassors cparation i3 ccunted and a summary priztad at the end of

the run. EFach error condition nas attributed to i: an apprcoriate

severity code. The aighest severity code arisiag durizg the —un

is issued as an IBM 260 completion ccde for the 360 job step.

3.5.3 AM 9511 Stack Sirulaticn

Iz is aot obligatory that the results of z=acro instruccion execution
te returned :to the extaernal memory. Inzermediata rasuylis can Ye lel:
in the AM 9511 internal stack ready for use with a subsequeant

inscructicn. This technique can be used for program optimisaticm i

situations where speed of executicn is critical. However, with this




—achnigue iz i3 2ssencizl chat the exact zontant 22 che szack te

kaown at all scages oI the 2xecuticn oI ccmsecuzive Inscructicns.
s

{15 bits) whilst others opera

{32 bits) and sizca soze imstructicns czuse zovements <©f the stack, b

it can hecome very difficulz tc be certaia as to :zhe ccucent of v

the stack at any given stage.

Therefore, for ease of verification and as an aid =3 optimisazicn
the stack behaviour is simulated by the macro prceesscr. The
results of the simulation are displaved as Zcur lines in the priatc

file and zppear after the pacrs instruction izsall

.

The first line shows the conctears of the stack afzer the input cf

first paramerer, the second line the contents afzar input c¢f the
e

second parameter, :the third line the contents afzar executicn cf the Y/
macro iastruction and the fourth line the ccntenss after output 2f the

third paramecter.

The format of each line starts with the werk STACK and is follcwed l

' characters. =Zach field represents -

by four fields separated by 'dot
one dcuble word (32 bits) of information cn the stack with the 'Top

of Stack' to the left. The name appearing i ezch field I1s either

a parametar name or the name of an Izmstructicn, implving the resulc

o]

Zfollowing the execution cf the instructicn. Tor dcouble praciszic
paraceters, the field is lefr extended with '~' characrers. Tor |
siagle pracision parameters, two such parameters occupy oce field. !
A totally blank field or half field in che case of single precisicn

characters implies an undefined stack content.

Waraing messages conceraning pessible incensistancies are issued zs

necessary between lines. !
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rmma mAmeaan T yacar .
.. THE JROSS-MACRCPRCCIISCR L TRANSLATIOR:

The translator is ccopeosed sf three maia parts: symtactica

b .
t‘
v

o
o
ui
n
"

svatiesiser of the new structurs2 and :ode generitor. The svmzactical
. snalyser evaluatas each statament szZep Sv step starting with the lasel

Zfoilcwed bv the instruczion, coperands and comment. Latarmal zcdes are

gzeneratad and stcred Zor each field indicatiag if3 presenmce cr absence

zand 155 trpe and concent.
The svnthesiser uses the above codes to establish the Sasic structure
of calls to the ccde zeneraters. These In turn creacz groups cf Iatel

3080 instruc+tions to accass paraxzetars and iniciate ocperaticms.

any Zuture change in method of iatarfacing the aM 3311 to the £030
system can pe easily acccmmedated by changes o the ccde zeneraters

and pessibly svnthesiser. =

FoN
"~

Ccoding Mechod '

A topo down structured programming apprcach was rigourcusly adherad o
at all stages in the coding of the macro procsssor. This appreach
znabled boch the ccding and de-hugging stages to be compleced quickly
with a minimum ¢ errors being encountered during the work and
aftarwards when in produczicon. The final programme is azlso easy o

understand and can e medifiad i necessary with relative esase.

The processor was coded in Fertran which altlhough noc being ideal fer
structured programming merhods 1s nevertheless widely used and understced

Yy the user community for whese use the programme was criginally i{azended.

Special sequences of commen: statements and 'GO T0' instructions were

creatad to simulare the required structures i.e. SEQUINCI, IF-THE=EYN,
; LIF-THEY-ZL3E, WEILE-D0,. REPEAT~UNTIL, LCOP=-ZXITIF-ZNDLOOP, SELZCT-CASE.

Zach procgramme moduls was divided inco zhree parts, de ion, main
Zach prcgramm dula di d o =hr rt declarat ’ i
text and fcrmats. The programme was extensively ccmmencad which

considerably assists it3 legibilicy.

It is intendad that :the macro processor he usaed as the firsc

v

zep o

12

a two step jo», the second stap bHeing a conventional assemblar. tag
c8

assempler instructions which are then used as input %5 Step Number 2

w
o

@ NMumber 1 (Pre-Processcor) praduces a file zcmtaining conventicnal

(assemblar).




3. Conclusion
The svstem as described in the previous sections is operational and iz
use by the Rutherford Appleton Laboratory Butble Chamber Group in
connection with its micro-computer based film digitising table svstem.
The cross macro-assexmbler runs cn the Group's VAX 11/73C computer, :thz final
cbject code being loaded into a selecrad micro-computer via z local
communication network.
Some examples illustrating the usage of the macro-assembler and the
macro expansions produced are given in Appendix IV,
— PuT _




APPENDIX I

The partial description of svntax of 8080 assembler statements as describded
by BNF producticn rules is as fellows:-

~

<statement 3C80> t:= <instrcom fialdy i <label>:<instrcom field> «<label>
i
1

)

<iastruction 2080 field>

IS
1=
o]
w
r
13}
0
o]
2]
38
o

eld>::= <blanrety>;- comment> -instruction 2080 fields

<instructicn 80820 field>::= <seq. of blanks><instructicn 8C80><general 808C

parameter field>

<instruction 3080>

P2 Yy

11= <instructiocn 3080><letter> <lettar>

<general 40380 parameter field>::= <seq. of blanks><8030 parameter fielc>'
1, . ' -
<blankety>; <comment> -“seg. of blarks>

-

<8080 parameter field>::= <8080 parameter subfield>!<8C80 parametsr sub:

P4a

eld>,

<8080 parameter field»

<8080 parameter subfield> for definition see C4l.
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APPENDIN IIT
—_ e o

~N TR A L MATDS
g LAE (S N ?.b

These 3

Tor all cases:

TACK

ZONTIR

ra
M 3511 Macro Inmscruczions.

Code Section A (Sanding iafcrmaticn =zo the =2p of stack)

Al) Paramectar is a

LDa
STA
LDa
STA
L2A
STA
oA
STA

DCx
10AaX
STA
DCX
ubAX
STA

Sequence takes

Lapel (i.e. Direc: Adcdress)

3+ cp )

STACK
2 +CP
STACK
1+ 0P
TACX
0+ 02
STACK

For single
pracision only

by actual Lckel Nace.

104 Clcex Cycles /Double ?

32 Clock Cvclas (Singe )

Tor siangle
oracision onliv

Vi
¥

&
s
V

STACX
3 5c D

)

Cleck Cvcles (Double 2)
56 Clock Creles (Single P)

2 8Ce( imstruczticns that zare usaed Ior lsvelctinz thie
zqC CF7FT2 (Iardwars Jercendent)
ZQU CFTrlYE (darZwars Tependan:z;.

Double
2recisicn
and

= .
Tloatizg

Dcudbliz
Praciszicn




i
1
(09
|
-

*
|
I3
J
1
(&)
>ty
b
)
(5]
[
(g1
"y
w
a
[
il
(19
n
w
Lh
s,i v
o WO W

(&)
]
I
1)
m
G

1
(@]
[#1
c1
'J
©
"
g
W
H
m
I3}
i
'S
v
'

\\ »
=L

4

]

v 3
=
jos
2]
(&%
v
53
[a)
v
B
(U]
Inl
(17
2]
e
I
-
o
<
1
[

\.\
PR .

~

ecision Inzeger (1%

w
1
(V7]
e
v}

o
(9
0]
8]
r

.. . y

D i~ Dcuble 2recision Iatezer (32 bSigy 1
.t

¥ := Floating Point (32 bits)’ i
A

&

[




- i
:
A3) Paramecer 15 a Reglarar Paiy (2, 1) 1

B

SRS

w4

[

|5 SR
;

—_

0N

.x..x._n.m

‘\

; ‘

STA STACK | For single 2

. Pprac:s:cn criv fga

2CX 4 i Jeuble é
o Ad M i L Pracisicn y,
STA STACK J ( and i
DCX q Floating . '
MCV A, M ]
-

STA STACK v

-

MCV A, M ;A
STA STACK 2
Sequence takes 110 Clock Cvecles (DQouble F) ]
20 Ciccik Cveles (Singla P)
L3) Parametar I3 3
. . . - - J
Single ?recizicon:- WI A, 771
STA CONTR
Doub 2 Precision:— MVI A, 374
STA CCNTIR
Floating:- MY AL 1TH ,
4

In 211 cases Sequenc2 fares 20 Clock Crelas

Code Section B {(Retrieving information from TCS)

Bl) Parameter i3 a Label 7i.e. Direct Address

} )
H LDA STACK !
% STa 0+ 0P| ror single !
4 DA STACK orecision only Double

STA 1+ 0P Precision

1DA STACK . and

STA 2 + CP { Tleating

LDA STACK N
STA 3+ 0P

Sequence takes 104 Clock Cycles fcr Double P
n ] " " " ) "







Ul

R . N -
Sinzle Fracisiin:- AN A, 3n
o PR
- - (ORI RV
~y = . as - b 3
Jdcudle Fraeision: UL A, 234
QM. falal SMaud
[N et L
— s e . .
Tlcating:— Mz A, 1ZH

In all cases segquence taxes o0 Clock Crweles

Code Secticn C (Sending Instructiom into aM 83113

MRS A. INSTR -
STA CCNTR

NSTR  =IQU 3inary Code of AM 2511 izscruczion as defized in

N F 3

Cemmand Suxmmary (Fef. l

Sequenca takes 20 Clcecx Cvcles To send Iastructicn to AM 33511

]

M.3. ‘ltmter cf Clock Crecles required Zor AM 9311 to executa given inszruction

can be fcund in Rei. L.

Code Secrion D (Reading AM $511 Device Szatus)

pORY CCNTR

2C 3-4
rI 40H
ANI CCCH

L2 c

~
A LD

;;_fhﬁ_gﬁﬁjh,_;_

N W

A

R




Sequence takes at least 11-4 Clock Cyeles. More 27zies v be o roguire L)

device i3 busy when request 1s made.

{ls scguence corresponde to the Macro Instruction DSTM, Fo o D N

{rom Suatus Reglister is tranmsferred to Bits {(0-4) f the =036 Acoumuloo r.

eplace the correspending 3080

wy
=
fj\)
03
-
o]
I3
t
[
[s9)
]
[
(@]
L
ri
3
.
]
-

m
et
rr
v

»
C
[Wa!
-
-

The above code sections are assembled together acorrding

macre instruction in the following ovrder:-
i. Code relevant to first parareter (1f anv) i3 selecred frem Grous A,

2 Code velevant to sercond parameter (1f anv, follows z2nd {5 alse selected
from Grovp Al
3. Coede for iastruction exmecuticn fellows and is Group C code.

L. Coce ralevant to third parameter (if any) fcllcews and is selected frum

Group B.

..
I

PR

S




[ SN

2) FALD A, all, VT
AM: D3 -3 flcating ocint number .00 L
ALT: DS 4; floating poiac numter 13.0) j'
T K 4y floazing peing resulz (5.0 '

.

“henever an 2urternal address 13 specified Zov the third paranet:

D

w
'
0
[t
S st T T e

MCV 3, & i Address ~f AM in 3C
holOM ¢, L
LELD a1T
YCHG i Address oI ALI in OF
FADD 2, D, 3 v Result pack in AM
¢) LHLD AM
MOV 3, H ;  Address of AM in 2C
MOV c, L »
FaDD ALI, B ; Result stavs ia the TCS

é) FADD aM,, VT
FADD , AM, VT

These instructions add floatirng point number expected in T0S to flcatin:
point number stored at AM. The results is sent to location address V7.

Both these instructicas procduce the same resul:.
2) FADD .-

' This instruction adds ficating point number expectad in TCS to Ilcating

' point number expected in NOS. The result is sant %o location address 'T.

L




{

Sy TADD |
This instruczicn adds Zlcating point number expectea in ICS to Ilcarting )

3 N N . . - v . « -~ %

coint aum>er euxpeczed i1n NOS. The rasult stavs in the TOS. *

3 TADD AM, I, VT 7
.
%
L3 "
Tals Iastruction Iirst sends the Iloating point zumper expectel 38 '
a concenr of AM to T7CS. The seccnd paramezer (S) causes the stack €T -
te pushed down whilst leaving the original TOS iatzcs. The instruction
chen adds TCS and NCS the resul:s being owlaced first ia 105 and znen sent %
t> VT, .
. . ., . . N ) . r
The above result cculd be obtained in 2 less efficiant manner v using
the following iastruction: FADD &M, aM, VT,
4
1 TADD 3,, VI
The expected floating point aumber iz TGS is doubiad.
Ty LD S, S
TADD oy T
The expected flcating pciat number in TCS is cripled and senmt to W71, ]
!

[

[
[
rt
.
wy
—
r’
d
&
-
o
o
i 4
-
-t
1
+-

is flagged as an error 009 and parametar ALI is act used and sinus

of AM 1is sent to VT

- .
ST sy VT

sinus of T0S is saat to VT
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SIS, S

2, Turcrions that do oot raquire any input paramerers f
I v
PUPI v 3T v

Y

-
LR

e,

T 1s in TOS

PUPIL ss S

[&]
— ~v - N NS ~ N _'-
e e e e MM&M_;&M\A‘M o

7 is in bottom of the stack

Part Prceram Zxample

Given a triangular cevordinate system with fixed base length b.

To conver:s to Cartesian coordinates x, v ’
7

.
R

‘ B
o
-

v

—

Triangular Ccordinates are r;, rao (Integer 4 byvtes each)

3asic Flew Chars

START
4
A Transform r1/rz to Flcating Point Formatc

¥
, 4y = 0.0050%(r; - 9216.0) ~ Cx | Cx 2 79.0
. az = 0.0050%(r; - 25600.0) = Cy | Cy % 120.00
¥

~—— —
“

< L < i l -
a =a_ + b )/(2%a =b) | 5 ¥ 137.43
A ]
|
i

- I

[

-
P

he]

g (
4 v =1




(w]
w

c
[€2 . 5}

SR
w

[

w

(&)
47}
o~

i~

IS
wy

O U
wm wn o on w

[}

1
w

£~

o~

W

in

[
oS w o,

=3

Il el
[ L VS Y S R

[#))

~21

i

r. Coorainaca (Trianszular:

"

T.
Cx oo
ey '
o i
921£.0 "

x Coordinate

y AR

w o
P~

[

)

153
T

L
IER LT ey,

o
;

(Car=esian)

e e o
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!
Program Secticn (Contd.)
18. TMUL CZTA, S ; -2 )

19, FSUB ; P
20. T™UL Cal ; a %y

I1. FSU3 »pen : RY
22. UL CETA, CAl, Y ; 7

¥




Sgzek Simuiatiom

PRAT:-R N . .
b TCS NCS s
Q.
e : 3TACK: kxxxx CRI
‘ STACK: R CRL
STACK: sy TLTT
STACK: MK FLID

2. : STACK:

! STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
STACK:
I STACK:
“. STACK:

E STACK:

| STACK:

| sTACK:
7. STACK:
STACK:
STACX:
STACK:
3. . STACX:
STACK:
STACK:
I sTACK:
a. STACK:

R & ele ¢
LEX

IR

HXEXH
prowleeid

LLIXXY

XXX

e alecs
KX
XXX
LIRX
R 958
IC'Z.'.:X:':
Koy aied
KR
Ko ve.nd
LR
po o el
LOXA
ARXXX
KXLXK

OO

potele 04
XXX
AR

LuxXUL

Cal
Cal
UL
MUL

xxmxx FLID

zxxxx TLTD

Hoiaeled

r;‘

w
B
woow

s pe -,
SaaAinaad

rif
(€2
oy

s

wexx TMUL

Kok FMUL

:

ook FLTID

gixxx FLTD

Xx¥xX FSUB

wrxx FSUB

Xxxxx FMUL

oxeex MUL

x®xuxx CAl

xxuxy CAL

xxxeox CAL

——— e e




T T 1 T "
inst., { | N : 3
. ( | T0S %0S , 3¢S
NEOIN | ! | .
f 1 ] ! [N
‘ ! | !
10. STACK: . xxex CA2 wimxx FMUL |
1
| STACX: 1 mamx CAD ok CAl [ oxsooos DAL /
, |
oy e !
]' STACK: |  wmoixx PMUL meex TMUL d
¢ i 1 P
STACK: xxxeie rMUL xxxxx PMUL } : !
i i
il. STACK: Xxxax UL xxezx PYCL i :
STACXK: wzxxx FMUL X TMUL '1
STACK: wxxxx FSUB } | -

STACK: X TSUB 1 W
{ v
12, STACK: | xxxx C3 wmxxx FSUB i !
STACK: xoaze C3 e C3 xuew £3CB %
! /
STACK: | =xxxxx PMUL xxxxx FSUB ;3
STACX: wXxunx FMUL wxxx FSUB
t
12. | STACXK: xrxxx FMUL I x:xxx FSUB !
I STACK: Koemix TUMUL wIxXx rSUB ".
i
| { .
; STACK: mxsex FADD | ; ,
' i
| i
| STACK: e FADD
| f
1 I TACK: wexxx CTWC | xxxxx FADD !
] ! :
STACK: | ovoes CTWO | e TADD ! , :
H )
STACK: i axeee FDIVO Y f !
Il i
STACK: | cmxx FDIV "
I ] : H
- - i - . coe
i5. STACK:  § wmoxxx CAL ) e FDIV
; t H i
STACK: 1 zixxx CAlL Cowmeos FRIV : : ' i
| .

STACK: | xwomx FDIV
i STACK: | oo DIV ;
t‘ i6. STACX: ‘ wzeex C3 . xmexmte FDIV !
3 - STACK: | =xxxx C3 - POIV
t  STACK: woex FOIV

| stacx: i : - xxme CETA
STACK:
STACK:
STACK: xxuxx CONE i C0VA
STACX: | =xxmex CONI | e

TACK: wxxx CETA ‘ xxixx CONE wcxux CDVA

r—
~3

xxexx CoVA

e CONT Kminas CDVA

(]
=i
o

i8.
STACK: wxxxx CETA xxxex CIT ©ommmxer CONE Ko
STACK : wmekx FMUL wxxxx CCHE ' xuxxx CDVA

STACK: xxxxx UL zximes CONT Loxtin COVA

l — - |




-h-

YOS

Pl VS

Ne.

|
A iy e - | - ‘
1c, STACK: ! oo EMU xixxx CONE wxerr CDVA

a e~

STACK:

A,
T.alig

STACK:
STACK:
STACK:
STACK:

TACK:
STACK:
STACK:
STACX:

STACK:

XX

NYXXK

KKK

LY

NURXX

HIINXX

XXX

hele 9o

KXY

HLKXX

podcele.d

XXXAHA

HRARXL

KKK

XXX

UXHKY

hoiaiaed

KUKXX

KIXR

LRXIX

KIEIXXX

CovA
COVA

AKX

XXz

paone

CovaA

CDVA

CDVA

KLLKXX

X

[
\,

{81
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Appendix YV

Using the M9511 Macro Processeor an the Pubbje Chamber Growups VAY

11/780 conputer.

INTEL 8080 source ccde is assembled on the Bubble Chamber Grouc:
YAX 11/780 ccmputer using a cross assembler written in SCPL ccde.

As this cross assembler is a CPU intensive process then access
to it is via a BATCH job running in the SYS3IASSEM batch queue.

This appendix describes the aclion of the batch jcb and how the

M8511 Macro Processor is used, along with the cemmands needed to
execute the job.

(o) BATCH JORB.

The batch™ job has seven input gparameters (Fi1 to P7) which
contral the flow of the job. They are as follcows:-

P! Input file neme (If type is .ADD then Pl beccmes a
concatenation file centaining a
list of input files)

Pz Qutput file name (4~character name of progran)

P3 Jdefault directory (directory where Pl exists)

P4 Username (Used by job to keep ucer informed
of its progress)

|35 Title (String of characters)

15 Cross reference {lag (YES/NO)

P7 M3511 flag (YES/NO)




.1
i.
4
:
¥
[

—
~——

{9
~

[95]
~—

-3
fiow cf execut.cn thrcuch the tatch job
Check parameters
Run pre—-processor
where,
Input {ile nane P

Output file name WCRX: P2 TEM

1f 27 is "YES” then run M351! Mecrc Proce

W

sScECr

.

QO
O
z

bl

Input file name WCRK: P2 TRAMin (n s
vers ne
Cutput file npame WORK: P2. TEM, n+i
List file name WORK: AMSE11. LIS
4) FRun Cross assembler.
where,
Input file name WORK: P2. TEM
Output file name GO.DAT
List f{ile name WORK.F2.LIS
5) If Prozram name (F2) is "“NULL” then terminate
8) 7Tun Lcader.
where,
Input file name GO . DAT
Qutput file name SYS3IEXZ: [AFC4 P2 LCD
R




(3 RATCH JCB ZNECLTION

)

The batch jeb is executed by nmeans of cne of ‘the fzilmwin;
commands: - o
1) ASSEM Aun cross assemoler
i 2) ASSFP Run cross assembler with M3211 racro mrzesuzer .

n
14
-
o
-
U
[sY]
s |
©
23
47
-
m
3]
9]
i

Joth cormmands will proempt fer the follew

ih

File name
Program name (4 chars)
Title

ross reference (YES/NO)

The c¢cnly dilference between the two commands is the vaice o
which is passed to the batch job, i.e.:- 4

ASSEM  P7 = NO
ASSF? 27 = YES

The value of PT is autcmaticall
commanc .

-2
(7]
o
v
I

RV
o
o
iy
1Y
'y
)]
(2

U
s
0
o

<
{
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Arlrhmetics 2roceassing Jnls
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Micro Devices, 9CL Theomoson Flac
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